We study the effects of short-range correlations on single-particle properties in fully spin-polarized liquid 'He ( He ). By calculating the full frequency dependence of the self-energy, we are able to obtain the spectral functions, quasiparticle strength, momentum distribution, co mass, and k mass. We start from the He-He interatomic potential and use the Galitskii-Feynman-Hartree-Fock (GFHF) approximation for the self-energy. In the GFHF approximation, the vertex is represented by the GalitskiiFeynman T matrix, which includes particle-particle and hole-hole scattering to all orders, and thus is a good representation of the short-range correlation effects brought about by the strong core repulsion of the He-He potential. We find large departures from independent-particle behavior, indicating that the system is highly correlated. In particular, we find that the quasiparticle pole takes up only about 50% of the strength of the spectral functions for a wide range of momenta near kF. There is a substantial depletion of the occupation of states within the Fermi sea, the k =0 state being only 83% occupied. We comment on the relevance of these results for a description of neutron scattering from normal He. Approximations for the ground-state energy are investigated.
I. INTRODUCTION
Spin-polarized liquid He has been a subject of much interest, both experimentally' and theoretically. On the theoretical side, considerable attention has focused on fully spin-polarized liquid He, ' both for its intrinsic interest' and as a laboratory for methodological studies of the techniques of many-body theory. Fully spin-polarized He ( Het) is known to be more amenable to theoretical description than unpolarized He. This is in part because Pauli-principle correlations (statistical correlations), which are already included in the unperturbed wave function, act between all pairs of particles. Statistical repulsion reduces the accessibility of the core region of the potential and thus reduces the need for explicit screening brought about by dynamical correlations.
For example, it is found that a Jastrow wave function with state-independent two-body correlations provides a much better description of He~t han it does of unpolarized He. ' In the latter system, the Jastrow wave function must be supplemented with three-body correlations in order to avoid a spurious ferromagnetic instability. ' In the present work, our emphasis is on the short-range correlations which arise as a result of the steeply repulsive core of the He-He potential. We study the effects of these correlations on single-particle motion in He~b y examining such properties as spectral functions, quasiparticle energies, and the momentum distribution. The method we use is the Green-function formalism of manybody theory. ' ' In particular, we use the GalitskiiFeynman-Hartree-Fock (GFHF) approximation for the self-energy. ' ' In this approximation the vertex is represented by the Galitskii-Feynman (GF) T matrix. The GF T matrix includes particle-particle and hole-hole scattering to all orders and is expected to give a good account of the short-range correlation effects which arise from the strong repulsion of the interatomic potential at short distances. The GF T matrix differs from the Brueckner G matrix ' in that it treats particles and holes on an equal footing. In the present context, this is important for obtaining correct analytic properties for the selfenergy, leading to correct qualitative behavior for physical properties, such as the quasiparticle lifetimes, near the Fermi surface. The methods used in the present study are very similar to those employed by Ramos, Polls, and Dickhoff in their studies of nuclear matter.
In Sec. II we review some of the theoretical background for our calculation and present some of the essential aspects of the GFHF approximation. We discuss the independent-particle model and its relation to the quasiparticle picture. In Sec. III we present and discuss our results for the self-energy, quasiparticle energies, quasiparticle strengths, spectral functions, effective 
(17) Together, (7) and (8) imply the sum rule f des A"(co)+ f" daiB"(co)=1, (9) which is a direct consequence of the fundamental anticommutation relation I ai"a i, I = 1.
is the effective one-body potential.
As (18) Recalling that the spectral functions are proportional to ImG, we note that the imaginary part of G will be strongly peaked about co= ck,~h ere e"=s"+ReX(k,E") (19) c)X(k, co) a~ ( 20) is the energy at which the real part of the denominator in (18) ImX(k, co) at low energies. This results from our use of sharp, independent-particle energies in the intermediate states.
In Fig. 3 weight for a large range of k. In principle, one can calculate 1 n-z from the particle spectral function Az(co).
However, as shown in Fig. 5, Az(co) has weight which appears to extend well beyond co=500 K and we do not expect the present calculation to be reliable beyond the range of energies shown.
We have evaluated the kinetic energy per particle and the ground-state energy per particle using Eqs. (10) 
